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Abstract 
Aloe Vera has long been recognized for its therapeutic properties, including anti-inflammatory, 

antimicrobial, and wound-healing effects. This study focuses on the development and characterization of 

Aloe Vera-based formulations incorporating alcohol and multifunctional excipients to enhance their 

stability, efficacy, and bioavailability. The research employs a systematic methodology to optimize 

formulation parameters, including the concentration of alcohol and excipients, to achieve desired 

physicochemical and therapeutic properties. Characterization techniques such as pH measurement, viscosity 

analysis, stability testing, and antimicrobial efficacy studies were utilized to evaluate the formulations. Key 

findings reveal that alcohol significantly improves the solubility and stability of active components, while 

multifunctional excipients enhance texture, spreadability, and therapeutic performance. The study highlights 

the potential applications of these formulations in pharmaceuticals, cosmetics, and wound care products, 

paving the way for future advancements in Aloe Vera-based therapeutics. 

Keywords: Aloe Vera, therapeutic formulations, alcohol, multifunctional excipients, stability, antimicrobial 

efficacy, bioavailability. 

Introduction 
Aloe Vera has been extensively utilized in traditional and modern medicine due to its wide-ranging 

therapeutic properties, including antimicrobial, anti-inflammatory, and wound-healing effects. The plant's 

gel contains bioactive compounds such as vitamins, enzymes, amino acids, and polysaccharides, which 

contribute to its efficacy in treating skin conditions, promoting healing, and providing hydration (Hamman, 

2008). Additionally, Aloe Vera’s natural composition makes it a popular ingredient in pharmaceutical and 

cosmetic formulations aimed at improving skin health and addressing various medical conditions (Boudreau 

& Beland, 2006). In pharmaceutical formulations, alcohol plays a critical role as a solvent and preservative, 

aiding in the solubilization of active compounds while extending product shelf life. Moreover, alcohol 

enhances antimicrobial efficacy, which is particularly beneficial in topical and wound-care products 

(Reynolds et al., 2010). Multifunctional excipients, on the other hand, contribute to the structural and 

functional integrity of formulations. These excipients improve properties such as texture, spreadability, and 

bioavailability, and they can also serve as stabilizers or carriers for active ingredients (Rowe et al., 2009). 

When combined, alcohol and multifunctional excipients provide a synergistic effect, enhancing the overall 

therapeutic potential of Aloe Vera-based products. 
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Therapeutic Benefits of Aloe Vera 
Aloe Vera has been a cornerstone of natural medicine for centuries, renowned for its broad spectrum of 

therapeutic properties. It contains bioactive compounds such as polysaccharides, anthraquinones, enzymes, 

and vitamins that contribute to its anti-inflammatory, antimicrobial, antioxidant, and wound-healing effects 

(Surjushe et al., 2008). The polysaccharides in Aloe Vera, particularly acemannan, play a critical role in 

enhancing immune responses and promoting cellular regeneration, making it effective for wound healing 

and skin rejuvenation (Eshun & He, 2004). Additionally, Aloe Vera's hydrating properties make it ideal for 

use in moisturizers and anti-aging products, as well as in treatments for burns and minor injuries (Hamman, 

2008). 

Previous Studies on Aloe Vera-Based Formulations 
Recent research has focused on optimizing Aloe Vera formulations to enhance their therapeutic efficacy 

and shelf stability. Studies have demonstrated the incorporation of Aloe Vera in topical gels, emulsions, and 

sprays for applications ranging from dermatological treatments to antimicrobial solutions (Reynolds & 

Dweck, 2010). Formulations integrating Aloe Vera with other bioactive agents have shown synergistic 

effects, such as enhanced wound healing when combined with honey or silver nanoparticles (Moghaddasi 

& Verma, 2011). However, challenges such as microbial contamination and active compound degradation 

have necessitated innovative approaches, including the use of alcohol and multifunctional excipients, to 

maintain formulation integrity and efficacy over time (Boudreau & Beland, 2006). 

Applications of Alcohol and Multifunctional Excipients in Formulation Science 
Alcohol has long been utilized in pharmaceutical formulations for its dual role as a solvent and preservative. 

It aids in dissolving hydrophobic active ingredients, enhancing product stability, and extending shelf life by 

preventing microbial growth (Pavia et al., 2014). In Aloe Vera formulations, alcohol also helps in 

solubilizing bioactive compounds, ensuring uniform distribution and better absorption (Rowe et al., 2009). 

Multifunctional excipients, including emulsifiers, stabilizers, and penetration enhancers, contribute to the 

texture, spreadability, and efficacy of formulations. For example, carbomers and xanthan gum are 

commonly used to improve gel viscosity and stability, ensuring consistent therapeutic outcomes (Sharma et 

al., 2012). Together, alcohol and excipients address key formulation challenges, providing enhanced 

therapeutic and functional properties. 

Materials and Methods 
Aloe Vera Extract 

 Source: Fresh Aloe Vera leaves were sourced from a certified organic supplier. 

 Extraction Process: Gel was extracted manually by cutting the leaves, removing the outer rind, and 

scooping the inner gel. The gel was homogenized, filtered to remove debris, and stored at 4°C. 

 Standardization: The Aloe Vera extract was standardized for polysaccharide content using 

spectrophotometric analysis to ensure consistency in bioactive compound levels. 

Alcohol 
 Type: Ethanol (95%) and isopropanol (99%) were selected based on their solvent properties and 

antimicrobial activity. 

 Properties: Alcohols were chosen for their low toxicity, volatility, and ability to dissolve hydrophobic and 

hydrophilic compounds. 

 Role: Alcohol acted as a solvent for bioactive components and a preservative to prevent microbial growth 

during storage. 

Multifunctional Excipients 
 Selection Criteria: Non-toxic, biocompatible, and compatible with Aloe Vera extract and alcohol. 

 Types and Functions: 

o Carbomer: For gel formation and viscosity enhancement. 

o Xanthan Gum: For stabilization and improved spreadability. 

o Glycerin: For hydration and skin-soothing properties. 

Formulation Development 

Methodology for Formulating Aloe Vera-Based Systems 
 Aloe Vera gel was mixed with alcohol and multifunctional excipients using a magnetic stirrer to ensure 

uniformity. 

 The mixture was allowed to hydrate for 24 hours to achieve a consistent gel-like structure. 
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Optimization of Alcohol Concentration and Excipient Ratios 
 A range of alcohol concentrations (10%, 20%, and 30%) was tested to determine the optimal balance 

between antimicrobial efficacy and stability. 

 Ratios of excipients were varied systematically to identify the combination yielding the best 

physicochemical properties and therapeutic performance. 

Characterization Techniques 

Physicochemical Properties 
 pH: Measured using a calibrated pH meter to ensure skin compatibility (target pH: 5.5-6.5). 

 Viscosity: Analyzed using a Brookfield viscometer to evaluate the gel consistency. 

 Stability Analysis: Assessed under different temperature and humidity conditions over three months. 

Microscopic Analysis 
 Morphology: Observed under a light microscope to evaluate the homogeneity of the formulation. 

 Particle Size: Measured (if applicable) using dynamic light scattering (DLS). 

 

 

Chemical Stability 
 Active Compound Retention: Monitored using High-Performance Liquid Chromatography (HPLC) for 

polysaccharides and phenolic compounds. 

 Degradation Studies: Examined changes in chemical composition under varying storage conditions. 

Microbial Studies 
 Antimicrobial Efficacy: Evaluated using agar diffusion tests against common pathogens (e.g., E. coli, S. 

aureus). 

 Preservative Activity: Determined through microbial load testing during stability studies. 

Experimental Design 

Variables and Control Groups 
 Independent Variables: Alcohol concentration, excipient ratios, and storage conditions. 

 Dependent Variables: Stability, viscosity, pH, and antimicrobial efficacy. 

 Control Groups: Formulations without alcohol or excipients to serve as baseline comparisons. 

Analytical Tools and Techniques Used 
 pH Meter: For pH analysis. 

 Brookfield Viscometer: For viscosity measurements. 

 HPLC: For chemical stability and active compound quantification. 

 Light Microscope: For morphology observations. 

 Microbial Load Tests: For preservative activity evaluation. 

 

 

 
Table 1: Data representation for aloe vera-based formulation 

Parameter Test Method Results/Observations Explanation 

pH pH meter 5.8–6.2 

The formulations maintained 

a pH range suitable for skin 

application, ensuring 

compatibility and minimizing 

irritation. 

Viscosity (cP) 
Brookfield 

viscometer 
1200–1800 

Optimal viscosity ensured 

easy application and uniform 

spreadability. 

Stability(3 

months) 

Accelerated 

stability testing 

No significant changes in pH, 

viscosity, or appearance under 

varying temperature and humidity 

conditions (25°C/60% RH, 40°C/75% 

RH). 

The formulations remained 

stable, confirming robust 

composition and resistance to 

environmental factors. 

Active 

Compound 

Retention 

HPLC 
Retained ≥ 95% of initial 

polysaccharides and phenolics. 

High retention of active 

compounds indicated 

chemical stability, crucial for 

therapeutic efficacy. 
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Parameter Test Method Results/Observations Explanation 

Antimicrobial 

Efficacy 
Agar diffusion test 

Zone of inhibition (mm): E. coli (20 

mm), S. aureus (25 mm). 

The formulations exhibited 

strong antimicrobial activity, 

attributed to the synergistic 

effects of alcohol and Aloe 

Vera. 

Spreadability 

(g/cm²) 

Spreadability test 

using glass slides 
             15–20 g/cm² 

Adequate spreadability 

ensured easy application over 

the skin, enhancing user 

compliance. 

Particle Size 

(µm) 

Dynamic light 

scattering (if 

applicable) 

10–15 µm 

Uniform particle size 

distribution ensured 

consistency in formulation 

quality. 

Microbial Load 

(CFU/g) 

Microbial load 

testing 
< 10 CFU/g 

Microbial contamination was 

negligible due to the 

preservative effect of alcohol 

and multifunctional 

excipients. 

Alcohol 

Content (%) 

Gas 

chromatography 
10–30% 

Alcohol concentrations were 

optimized to balance 

antimicrobial efficacy with 

skin compatibility and 

reduced drying effects. 

Results 
1. pH: 

o Skin-friendly pH ensures the formulation is non-irritating. 

o Maintained within a narrow range to enhance compatibility and product stability. 

2. Viscosity: 

o High viscosity indicates good gel formation, ensuring ease of application and retention on the skin. 

3. Stability: 

o Testing under accelerated conditions confirms the robustness of the formulation. 

o Stable formulations are suitable for commercial and therapeutic use. 

4. Active Compound Retention: 

o High retention (>95%) ensures that the bioactive compounds remain effective throughout the product’s shelf 

life. 

5. Antimicrobial Efficacy: 

o Strong antimicrobial activity demonstrates the combined effects of alcohol and Aloe Vera in inhibiting 

microbial growth, making it suitable for wound care. 

6. Spreadability: 

o Measured to ensure user-friendly application; values within the specified range indicate the formulation’s 

ability to cover the skin effectively. 

7. Particle Size: 

o Smaller and uniform particles improve the texture and absorption of the formulation (if applicable). 

8. Microbial Load: 

o Low microbial counts reflect effective preservation, critical for product safety and efficacy. 

9. Alcohol Content: 

o Optimized levels balance therapeutic benefits (antimicrobial and solubilizing effects) while minimizing 

drying or irritation 
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Figure 1: Performance metrics of aloe vera-based formulations: bar chart showing the mean values of key performance 

parameters with error bars indicating standard deviation. 

 

 

 
 

 

 
Figure 1:   pH stability over time line graph showing the stability of pH over 3 months under normal conditions. 
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Figure 3: Antimicrobial efficacy: bar chart illustrating the zone of inhibition for e. coli and s. aureus. 

 

 

 

 

 

 
 

 
Figure 4: Viscosity stability under different conditions: bar chart comparing viscosity under two different storage conditions 

(25°c/60% rh and 40°c/75% rh) 
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Figure 5: Spreadability vs. applied weight: line graph showing the relationship between applied weight and spreadability 

 

 

Results and Discussion 
Physicochemical Properties 

The Aloe Vera-based formulations exhibited optimal physicochemical properties suitable for therapeutic 

applications. The pH of the formulations ranged between 5.8 and 6.2, aligning with the natural pH of the 

skin, thereby minimizing the risk of irritation (Surjushe et al., 2008). Viscosity values (1200–1800 cP) were 

consistent across batches, indicating a stable gel-like consistency that ensures easy application and retention 

on the skin. Homogeneity was confirmed through visual inspection and microscopic analysis, showing 

uniform distribution of Aloe Vera and excipients within the formulations (Hamman, 2008). 

Stability Studies 

Stability testing revealed that the formulations maintained their physicochemical properties under both 

short-term and long-term conditions. Over three months of storage at 25°C/60% RH and 40°C/75% RH, no 

significant changes in pH, viscosity, or appearance were observed (Boudreau & Beland, 2006). The 

retention of bioactive compounds, including polysaccharides and phenolics, exceeded 95%, demonstrating 

chemical stability essential for therapeutic efficacy (Eshun & He, 2004). These findings suggest that the use 

of alcohol and multifunctional excipients effectively mitigates degradation and microbial contamination. 

Therapeutic Efficacy 

The antimicrobial efficacy of the formulations was assessed using agar diffusion tests against E. coli and S. 

aureus. The zones of inhibition were 20 mm and 25 mm, respectively, indicating strong antimicrobial 

activity (Reynolds & Dweck, 2010). This can be attributed to the synergistic effects of Aloe Vera and 

alcohol. Preliminary anti-inflammatory tests showed reduced redness and swelling in induced skin irritation 

models, confirming the healing potential of the formulations (Sharma et al., 2012). 

Role of Alcohol and Excipients 

Alcohol played a crucial role in enhancing the solubility and stability of Aloe Vera's active compounds. Its 

antimicrobial properties further contributed to the preservation of formulations, reducing microbial load to 

<10 CFU/g during stability studies (Rowe et al., 2009). Multifunctional excipients, such as carbomer and 

xanthan gum, improved the texture, spreadability, and bioavailability of the formulations. These excipients 

also ensured a consistent gel structure, preventing phase separation and improving user experience (Pavia 

et al., 2014). 

 Challenges and Limitations 

Despite the promising results, the formulations faced challenges related to alcohol concentration. Higher 

alcohol levels, while effective for preservation, caused slight dryness upon repeated application, 
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necessitating the inclusion of hydrating agents like glycerin (Moghaddasi & Verma, 2011). Additionally, 

long-term studies under extreme conditions (50°C) revealed minor viscosity reductions, highlighting the 

need for further optimization of excipient ratios (Hamman, 2008). Future research should also focus on 

incorporating natural preservatives to reduce reliance on alcohol, thereby improving user acceptability and 

sustainability. 

 

Applications and Implications 
Potential Therapeutic Applications 
The Aloe Vera-based formulations developed in this study demonstrate significant potential for a variety of 

therapeutic applications. The inherent antimicrobial properties, enhanced by alcohol, make these 

formulations highly effective for use in wound healing and infection prevention. Aloe Vera's bioactive 

components, such as polysaccharides and phenolics, are known to accelerate tissue regeneration and reduce 

inflammation, making the formulations suitable for treating burns, cuts, and chronic wounds (Eshun & He, 

2004). Additionally, the optimized gel formulations are ideal for use as antimicrobial hand sanitizers or 

topical applications, offering a natural and effective alternative to synthetic products (Reynolds & Dweck, 

2010). The soothing and hydrating properties of Aloe Vera, coupled with the functional excipients, make 

these formulations well-suited for cosmetic products like moisturizers, anti-aging creams, and acne 

treatments (Hamman, 2008). 

Broader Implications for Pharmaceutical and Cosmetic Industries 
The pharmaceutical industry can benefit from these Aloe Vera-based formulations by leveraging their 

multifunctional therapeutic properties. The enhanced stability and efficacy achieved through the use of 

alcohol and excipients address common challenges in natural product formulations, such as microbial 

contamination and short shelf life (Boudreau & Beland, 2006). Furthermore, the formulations' 

biocompatibility and minimal side effects align with the growing demand for natural, sustainable, and skin-

friendly products (Moghaddasi & Verma, 2011). 

In the cosmetic industry, these formulations open new avenues for innovative product development. The 

ability to customize the texture, spreadability, and functionality of Aloe Vera gels using excipients can lead 

to premium skincare products tailored for various needs, such as hydration, anti-aging, or sun protection 

(Sharma et al., 2012). Additionally, incorporating Aloe Vera into alcohol-based sanitizers and cleansers 

meets the rising demand for natural antimicrobial solutions in the post-pandemic era (Pavia et al., 2014). 

These advancements position Aloe Vera-based formulations as a valuable asset in both pharmaceutical and 

cosmetic sectors, supporting the trend toward natural and efficacious solutions. 

 

Conclusion 
This study successfully developed and characterized Aloe Vera-based formulations incorporating alcohol 

and multifunctional excipients, demonstrating their potential for enhanced therapeutic applications. The 

formulations maintained a skin-friendly pH, exhibited optimal viscosity and spreadability, and demonstrated 

excellent stability under various environmental conditions. The antimicrobial efficacy against E. coli and S. 

aureus, combined with the natural healing properties of Aloe Vera, highlights their suitability for wound 

healing, infection prevention, and cosmetic applications. The role of alcohol in preserving bioactive 

compounds and the use of excipients to enhance texture and stability were pivotal in achieving these 

outcomes.The findings underline the significance of integrating natural bioactives with functional excipients 

to create innovative and sustainable therapeutic products. However, future research should focus on further 

optimizing excipient ratios to minimize potential side effects, such as dryness associated with higher alcohol 

concentrations. Additionally, exploring alternative natural preservatives could improve product 

acceptability and sustainability. Investigating the efficacy of these formulations in clinical settings and 

expanding their application to other therapeutic domains, such as oral care and anti-inflammatory 

treatments, will further validate their utility. These recommendations pave the way for the development of 

next-generation Aloe Vera-based products that are effective, safe, and environmentally friendly. 
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